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Mmm e B-mTtm^m^j t Lx^ttztzmmt-tz^Mfa^itm^o 

z mm. 1 1- h #2i#!§^T-o 

umm 3 ] mmm i 1 tzi± 2 izmm<D*mfc%itm=Fiz&^x, mien 

Miauls o^**d (nm) . mmmmmmeBmycm^muftytMizisif^ 

^fcmimZx (cm-3) , M^R&Zn t Ltzth^ 
x d X 1 0"Vn 

^tssft-a^a&iifl^ 3 x 1 0 11 c m-2m±T** c t 

Ttuf5^®^J?^£d' (nm) „ t^fBI§^;g^3^^t^TO^^ , ; rjftJ9?*y (c 
m-3) , aT-#Pifc£ n t Ltz t § 
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vmim i o ] tmm 9 Kmmo^mimitm^m^m^^x, n 
[if ^ 1 1 ] i o KMm^m<mytm^<Dm^mK^x, 
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#^2 0 0 1 - 1 8 5 7 5 8^-^ 1 ) £14, 2ffi^c07n** 

*7C^fcU Kt-^»i:Lt4Ijcf^^Rt (C) . > 'J a > (Si) 
% ^>y^->A (Ge) (Sn) ,ft (Pb) &ffl^&ttfl?ri*IB|ft$;h/CV» 

*o i/i4^7C^^r^-fe-7 p ^7C^ < !: Lfc#£-fc:i4 % Kt-^it Lt, 6B 
J£7G3£OfflciSr (S) , -fel/> (Se) , (Te) *ffl^4it^|4fc 
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#§32 0 0 2- 1 8 5 0 8 5-*&* (4#« s XlR2) ^tt?#PiSO 
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*»9!fcfcv>T, li^eB^TctfclTIi, O, S, Se, Te^T* 
Ijd$f[4BSl7cXl^ Si, Ge, Snf^tfK 
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t>ib, gytmom^zd ( nm ) , mmmmeBmjum^mytm^n^^ 

W&JgZx (cm-3) % n t Ltzt 

x d X 1 0 -7/ n 

■e^$tt^,7FMtli5t^^. 3 X l 0llcm-2m_t<h1-££ ttiJ: «9 , ^^T- 
[0 0 3 0] 

/2 ofeT~$>zt^ir-**mbtitzo -oM^f*. ^mmv<D e> Bmitm^z. 

[0 0 3 1] 

3X10Hcm-2x (1/20) =1. 5X10lO cm -2 
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ti&bj!i-& 0 mmm 1, m 4 ~ 5 ^-cf«i-& «t ? uimmit^m^it 

m=f-<r>I nGaNfi^#Fi:*^tli, ^rt'JTll*, 0. 3 X 1 0 12 c m~2 
J^±> jfiL<(iO. 6X 1 0l2 cm -2jji_tt^- & c:fc^*Sft Lv^o ^mW<?>j£ 

mikm^n-t&t, z.*i*2 o^tto. 6xioi3 cm -2jii±, 

1. 3 X 1 0l3 C m-2&_tfcfcs o i; r»&*7J«ft&&* iOi d 
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*> *u B,m^mm^^.m izm®,-t &*rm t%& 0 
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cm2j^T\ £f;£L<(±l 07j@ / /cm2^T^1-^>o £ O J: ^ =fc^fi^(i % 
7^<!:x.(fmTH^i-F I E LO (Facet-Initiated Epitaxial Lateral Overgrow 
th) &&v>ii^>7^ ^^-\£^^^mmzX Z.ttfX% ho 

[0 0 4 1] 
(F IELOfe) 
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^7 T 4 7f©i«±tiV>G aN=&MU ^(DAlK* f5^^<0S i O 

, SMlKfc^Jt^&^G a N«7Wb*i.£ 0 .ItUiijgfc^S i 027X^^7* 

&o «r*>2Ffc(±, T/SffltJS £6 (1 9 9 9^) & 7 7 4I~I 

7 7 9HJ *»c|B«S*LTV^ 0 

aM£-h£fi»'<y 7 rlHML/ct, ^ H B H ^«b^>5> G a Ni^ffMt^o 
^^»v^ * v^TS^J- yf>mit}:J:^h5'f 7°mzmzffz G a 
N^->*Mn o CLOG a NX h 9 >f 7<A±Wt;fc(±i«Mj&> 

•fV tili> + yat:oi>T(t f:tilf fTsvetankas.Zhelevaet. A l . ; MR 
S Internet J. Nitride Semicond.Res. 4SK G3.38(1999)J 3§H::fB|fc£ flX^h 

o 
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[0 0 4 3] 

*»Wfc*»t& miKMt^bHr#«flcj |±, -*fc* InxAlyGaN(0^ 
x£l, O^y^l) -CU^nsaft^'J Lfc t | K«f*65t?* 

[0 0 4 4] 

mt)K [x, y, - (x+y) , z] (x> y fift J:Og$re& *K zlig^) "C 
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-r^^*> [0001] ^ JE<7)^^ £ ^-r £ ^Sfcm t-t&zt &x % & 0 c: 

1-101) I, (11-2 1) ffi^«rJfcJH5fci-*^MWaWF3*i*o 
[0 0 4 5] 

T v » £ ^ £ SFffii- * C «fc o T 4 £ t &X # * o UTIn 

x Al y Gai_ x _ y N (O^x^l. 0=£y2Sl) fcjliRU CI> f£:b*> (0 
0 0 1) W£*£b b b )£:K®£ Lfc*^ SMtilH 1 2 K^-tX i:G al (c@ 

^v^diiciljGal (cffi) ^NI (-cIS) *\ ^^^^1"^ ^ 
[0 0 4 6] 

-fTcBJi^ CI, f&*)*> (0 0 0 1) ®£^||j£:ftMii-&iJMI#Jf 
[0 0 4 7] 
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[0 0 4 8] 

^T, K-e>mHtffi^v7>(SiH 4 )li, 10ppmC«K 
L£«)<7>£ffl^TV>£ 0 Sfc, #*»!l-ei*, ^f&«^4 0 0-4 10 nm@ 

[0 0 4 9] 

<mmm 1 > 

Lfz 0 

[0 0 5 0] 

0 o±^^m^tL7^T^ K-yGaMi 1301 ^^mzm^Rmm^^-m^ 
&mwk*^Ls ^^±u\zumm\ 3 0 Amzj&zttx^z> 0 &^#pzmj&i- 
zmmm 1 3 0 2&£u?#jsm i 3 0 3(±, 1 n g znkx vMj&zti 

*i&mm.ft izmx-tz ztizx^ xn^x^z Q 

[0 0 5 1] 

02 ii\ it^S7 6 5VX : imLtz^<DM^X(D^'-)Um^^Xh^o 
IH 2 (a) ^-ffKO/f^^nz-o^x mSAKitmLX^v >J THkBttf 

mmx i^^i, mm k- y i± v v ^ ^ k- ^ «t ^ % y- e > ^^^v^ ^ t 

«I2£*i*: 0 ifc, 0 2' (b) J: *k vV^K-yfcJt^ m^K-^o^- 

£o &ib\ £<n*-frmfc$k%:tfeM<DS IMS^fgf (06) SJftfK 
- fcf > ^O^i^ K- \> > ^ l fc«*s> l/2 0^t-j7 & d « 
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[0 0 5 2] 

»±3&»x.oT«^LTV>*ri* (04U 7 3 5t:c0x*-^) , ZtU&WmiiWO&t 

ti-t r -c ftteawb Ltv^^fcfim 0 & o_h# t & ^ 

#tt#*§*>«!>T/h$v\, CO^te, InGaNOffiftiaSl?*« 7 0 0-8 0 
0°C, nlA lGaN^r; K»Iftftl$oajft"?*S 1 0 0 0-115 0t«^ 

[0 0 5 3] 

M 4isxvm5it, m 1 wfj|i:ov»T, PL (7* h /us #14 
O^r^ 1 ; T8ftJg^tt^ML7t^co-e^>^o 0 4 (a) J»53^S, El 4 (b 
) It&ftmfa 0 5 (a) fiFWHM (Full Width of Half Maximum) , 05 ( 

[0 0 5 4] 

0 . 6 X 1 0 12 c m- 2 J^_L 7X1 0 12 c m-2&T<£>3r -V V TiftS (>-- h a^Jg) 

1 . 3 X 1 0 13 c m-2&± 1 4 X 1 0 13 c m^TOx^M (v- h 

t-t&dt^io. p l mm^^m \z&t>ti&zt im *> % o tz 0 
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mm *yg-t2>m*% *mfa v — w^>mt r ^ * - m km l x i> mm k * 

[0 0 5 5] 

H6i±, 121 tlW^flfiitco^T, i?#P*«j|f^SIMS{:J;i5 
^Lmt*^ *^#F^lC^ff^2 X 1 0l9cm-3flJg#^LTi/^C 
t«M^tl^o »T-#P®^#(7)Jf:^{i4 9nnu #Pt3^^.<7)t\ — i 

2 X 1 019 (cm-3) X49X10 -V3 = 3. 3X10 13 ( c m~2) 



[0 0 5 6] 

[0 0 5 7] 

<»^!I2 > • 

> fFtf L£ 0 

[0 0 5 8] 

m8 te*nMMK&&ni-vmmt^^fei/~^<DMmmwmx&& 0 m 

mOfeMGaNs* y 7 r -«402, Jg$l. 5/z mcOnMGaNn > * ? hg403, Jp^l^ 
mOnMAl 0 .07Gao.93 N ^^ ? KJB404, ¥$0. 1// mOnMGaN^^M Kg 405, £ 
$ 3 n m O Ino. 2Gao. sNi^^F" S t J¥ £ 10 n m O InQ. 02Gao. Q&fcStM S> & & 3 
JS$<P#JHH l #Ffiliii&1!£Jg420* if £20 n m<7)pMAl 0 . 2Gao. 8^^ * u> :/JS407 
. ffSO.l^mOpMGaNft:^ KJ1408, ^^0.6/i .m^pMAl 0 .07Gao.93N^ 9 * 
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KS409, i¥^0.05^m<7)pMGaN3>^^ hJg41(K Ni / Au*>2« fc*p 
m^2411, TiV A102W&Hn*te412*«^jfi$#LTV»* 0 ® 8 Kis^T, pM?7 

Wsdv v -^«5i4i3t3inix$*L, ? voss^^^v^r^$nfcSio 2 ll4i4tc «t 

[0 0 5 9] 

«J*-C100Torrfc Lfc„ ZfaVmTtmmSMt LT7>*-7(MTNH 3 )^, II 
I^7C*ttl^ t LT h V ^ ^)VifV ry u (J£JLnFTMG) , h V ^ f;V7^ 5 - 7 A ( 

^*v7A(UT(EtCp)2Mgh H2#fU0 ppnOv7> (JJlTS i H4K N 2 #f?2 
0%O^(0 2 )*fflv\ ^■^JRtco^Tti^-n^'tLOv'; >^-SJS*-l 0°C 

, 2 or, 3 or, 3orttr, flE^yeoTorr^^*"/ 1 ; yyirzztizx 

•7 7-f T*^40l£tS:gU 7K^#ffl^TT-1100°CHML, *^MOrt^^ 
fTofc,, JfcK^KfiJg £500*0 £ U TMG5sccmS.y ? NH3l0slm^'tt|&LT-^-7T 
* T*^401±tC40 n m<7Mg:^GaN/-W 7 r -«402«r3gjS Lfco &KTMGO#;S&£ 
*JhU aS^i&KfcllOO'Cfc Lfco ov>-CTMG15sccm, ^JlfttLt^S i H 4 5 
s c cmSO f NH 3 l 0 s 1 m^MLtit±C5$ 1. 5 // mCOnMGaNn > 
9 9 Ym403i1&f&.LfZo S^±tCTMG15sccm, TMA5sccm, S i H 4 5sccm 

&tt f NH3l0slm£'IM^ J$.^lju mOnM Alo.07Gao.93N? =7 y KS404?:, o 
i/*T-TMG15sccm, S i H 4 5sccmS.!7NH3l0slmi£r#^L, i¥£0. 1^ mOnSGaNpfc 
#4 K«405*5B&Lfc* o^fc, ^401<7>7S^£800 < Cl-f£#U TMGlOsccm, 
TMI50sccm& L < fi30sccm, S i I^sccm&tfN H 3 10slm£$:£S LXmSLtKB 
J?3 n mOIn 0 . 2Gao. ^M^RM t §lff5 n m^In 0 . 02Gao. 98N»a!»03Ji»!^ 
* ^>^M* : f-#F#3t^tt^420^?fM Lfc„ 
10 0 6 0] 
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#M* : ?-#P#itff&tt^420c7)fMmf^(i % S i H4£fflv>£nMGaNft#M K«40 

-i/Zftftlo Z<Dmz Kfcffl izmS-f S> 2f * *± N H 3 * V row 
£>&o -^^GaN(iJfc^^S(m000r^^±)T'H2^r^ V T^rffli/^T^S* 
tfo OH*fr U InGaN{iJt^©?S(700-800 , CflJ£)-rN2^^ V T£ffiv>TJ&:ft 

[0 0 6 1] 

^»Tt7 7 T^*£401O^Jg£800°C^{£#U El 9 J: 3 

F#3t«r^i-^>o S-fnMGaN^^W K«405±l^ TMGlOsccm, TMI30sccm, 0 2 
20sccmS.D f NH3l0slm?r'fft|&Lr 1 0 nmOnMlno.02Gao.98NPf^l 5 5 0 £B 
^1-£o oc?v>TTMIO#i|^£50sccmfcig*U 3nmOT> K--/In 0 .2Gao.8 
N#Fi5 5 3Mf^o iOXS*3Ji»!ift»)igL, ft&linMIno. 02Ga 0 . 98N 
Ill5 5 0t|f7t5. ^±OfiHSfe»^JferS*, Jfc««1I*&J& Office:*: 

m LTV>& InGaNO&jfcffflHSp (BP^InGaNOf&ftfcgfMlfp) £ B W fc LT> 
[0 0 6 2] 

CIO id K^t7fc£S*^#^#£iSte*420±fcmi5sccm, TMA5sccm, ^ 
Lr(EtCp) 2 Mg 5sccm&£KNH3l0slm&&*&U J¥£20nm<7>pMAl 0 .2Gao 

KTMG15sccm, K-;<> b i: LT(EtCp) 2 Mg 5sccmS.U ? NH3l0slm£^LTJp$ 
0^,umOpMGaN*#>f K«408&5£j£Lfc o ov»-CTMGl5sccm, TMA5sccm, Tfm 
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$0 1 t X (EtCp) 2 Mg 5sccmS.O f N H 3 10slm£^S LTpMAlo. (tfGao. 93N* 7 K 
;S409£ffML£ o 
[0 0 6 3] 

^^^^_hicTMG15sccm, (EtCp)2Mg5sccm^.O f NH3l0slm^WL> 0.20.0 
5pm<DpMGail?>? ? VmuOZMmLfZo ^Ofl &m01* m&mW: £ 
*9ffiU ^ i9pMAlo.07Gao..93N^ 9 y KJf 409£pMGaNn > ? h 

^410^11113^ m(DX 7°^0 i; y ^#^413^1 L/c<> £ <b K U y v<£>H 

SB4rl^v>-cSi02l»414*^iSL, Ni / Au02Jl:£Jl^f>££pm^41l£K^^i 
Ki^J&Lfco y\zX «9nM GaNn > Mg403£ftffi 

-e<7)±MlCTi / A1^2S^JR3&*?>**n«fi|412S:Jt^iR*lc: i fJffMLfco 
[0 0 6 4] 

S i H 4 Oflt$&4ri s 2. 2 nmol/min (10 ppnu 5 seem) -eiSO^U 
^^HM"eO02<^#^*ti0.36 mmol/min (20%, 20 seem. OUC^f-ft**) t 5tif 
mmt>^o -*U±> Si-NO^^Jt^fi«J^v>(439±38 kj/mol) 

. Ga-0OjKf^*Jt«fi«jji|v»(353.6±41.8 kJ/mol)££>^ *NI^Wfcf!ft& LfcO 

K#0^^i;r^^5t<«fiE{c^1-^^i: fc^-ts (0 3) o 
[0 0 6 5] 

. 5 X 1 0 12 c m-2fijgT& D , MtftfttiU 3 X 1 0 13 c m-2fIjPgt?& o fc„ 
[0 0 6 6] 

[0 0 6 7] 

tTtti^, S&ftaftjgttl 7a.u., Hjfe^l±3. 2 5 n sT&ofc 0 ^H»J 
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[0 0 6 8] 

e>^OBg % ^tcj;^a^i!,^^^ihT§^i:v^flJ*^^>^ 0 inGaNOj^ 
7K*^InO^!9^itL^lcf^*-^x.> InGaNH.J&, InGaNH^«<7)^ 

v>TInGaNOJfcR&fro;fc&£\ 7K*Off^EtC <fc «9 InGaN&j£, InGaN3&3fc$fcRri* 

& £ fmm^Wii)^^ < > 3c5e L £InGaN«& «fc IflfoGaNf&ftSSS Cl <h 
[0 0 6 9] 

F— tf > VL^^M®. tir&Zti>X*ZZ>o tz t xJffiTO i^CU 
F- fcf y 7 £ LtU^o $ 1* l&Kfflft £80 
0*CHl£#U TMGlOsccm, TMI30sccm, 0 2 20sccm&a f NH3l0slm*#i|& Lt 2 . 
5 nm<7)nMln 0 .02Gao.98Nlt^/i^fM1-^o ^K02<^l&^£#lt U flfcO 
m^*100^W^#&L«tt> 7. 5 nm<£>T> K-7lno.02Gao.98NIWM*^J£^ 
-2>o $ <btCTMIO#^fttr50sccm(IiiSL> 3 n ra<07 V F- 7lno. 2Gao. sN#F 
m*tef&-tZo Z<DJim$:3mmm i 0&L, ft&li7>K-yino.02Gao.98N«"C 

# W - nf * ffflfi L £ £ , ±15 i: m&&±.<05k%M&i!>*ft hfitz 0 
[0 0 7 0] 
<H»!J3 > 
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K-yt^»#PfStt»4:^-ra^#v-HfS-f^«lL, JHKLfco 111 1 0 it 

V 2&3tf t*»^N*# — mt , Cm £ mm t -t 2> m £ 330 ju m OnMGaN&K651_t t3 
1/ - ''fflli^jS $ *L X v > * 0 Cl <7>nMGaN*«651 (i „ ttT^ L F I ELO&td 

[0 0 7 1] 

S-TnMGaNSfe651_hH, J?£l. 5// m<7)nM GaN«652, J?$l,« intf>nS!Alo.07 
Gao.93N^9y K«653. J?£0. l/x mOnMGaN:^ KJf654^ J?£3 n m<7)In 0 .2 
Gao. 8NS?-#Pg tff^lOnm© In 0 . 02Gao. 98N»S« rt> <b * 3M$3 <^jt*T- 
#P$£iii&1£Jl655, i?^20nmOpMAl 0 .2Gao.8N^ J r y 7JB656> J¥£0.1,um 
<Z>pMGaN*#>f KJ1657, pMGaNTfctf-f K«657±tc^$n, ^T|fijO#B2/£ mO 

**658±K3&WK^J&$*L;fcJ¥$().5,K m<7)pMAl 0 .07Gao.93N^ 9 -7 KJf 659 
, ff£0.05/*mtf)pSGaN:3>** hJf660, Ni / Au02«^JR^P>?Sr-Sp«S661 
> Ti / Al<a2®&JRnM327& f Sja$*lTV>& 0 
[0 0 7 2] 

^ioMigt:ov>t^t4o ^mwm <omi& \z {iMocvD £ m 

^tzo &&J±lJlt-t'<X<7)ffi1&X10VTorr£LfZo £ V WiJumfeWiM £ LTN 
H 3 £> III2£7G^&#&flgfc LTTMG. IMA, TMI> (EtCp) 2 Mg, S i H 4 £fflV^ 
«^«tCo^T»±^n-rtLOvU ^-ffijSfc-HTC, 20°C, 3QV£LX^ l±Jj7 
60TorrON 2 Tv?r'; i £ iZX *) , *<0^&&*EJS«rtfc#|&L*: o 

£f\ RJS«l*FtcC®*OTfc-f*nMGaNlfeK651«:l9:fltL^ 3jc3fc#H$CT*T?110O 
"CHillSfcU ov>-eTMG15sccm, K-/n°> h Lt<7)S i I^sccm&^NHalOsl 
m*#j^LT3fe^Cff$1.5//mOnSGaNS652S:^jSLfco £<bt^ 3£iRJtKT 
MG15sccm, TMA5sccm, S i H 4 5sccm£tJnNrH3l0slm£^&U f^l/imOnl A 
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10.07Gao.93N^"7y K«653£, o^T*TMG15sccm, S i H45sccmSy f NH 3 10slm 
SrttlfrU J?£0.1^mOnMGaN^;^ KJf 654£5FML£ 0 ^^'^ NIG a N 
£&651<Z>ffi J K*800 , CK'B&*#U TMGlOsccm, TMI50sccmfc L < (i30sccmS.O f N H 
3l0slmSr^«& LraMR±tCj|U?3 n m<7>Ino.2Gao. 8N*T-#F® fclWlO 
0. 02Gao. CD3JHJW ^ h & Z> ^M*T-#F#it ^14^655 t 

[0 0 7 3] 

^M»T-#P#5t?S14^655(7)fMl3ov^T|lI 1 1 &ffiv*T#L < IB 
9!1-*o NIG aN*«65lc^£jg£800ric<f£#U TMGlOsccm, TMI30sccm, 0 2 

20sccm&D f N H 3 10slm£#|£ LT 1 0 n m<DnMlno. 02Gao. 98N1750£ 
J&jSL-t&o ^^TMIO^»^50sccm^ii»L, 3nm07 > K-*7°Ino.2Ga().8 N 
«753*^fifc-t-4o iOXeSr3««!«l)igU *^t±nSIno.02Gao.98N«750t? 

[0 0 7 4] 

EI 1 0 K & £T 0 , o r ^S^-#p#jt©ttJi655±tlTMG15sccm, TMA5sccm, K 
h t LT(EtCp) 2 Mg 5sccmS.^NH 3 10slm^ft^L, W £20 n m<7)pMAlo. 
2Ga 0 . 8N* ^ y -/«656*^Jfi L£ 0 ot»"pN!G a N^651O^^1100°Clc 
L . S«± ^TMG15sccm, K— y?> h £ LT(EtCp) 2 Mg 5sccm^. £>*N H 3IOS lm 

*658£ffML£ 0 NIG a NS*R651*£ffii t^*|J Lfc<&"fclfc*«*j&>& 

h V V ^ 7Ig&J|fx y ^ > ^X^Stc «t o T«2. Qfx m<Z>HJn*P663£^j£ Lfc 
o *<Z>flL ff^NMGaN^«651^^ft^M^|^gLT1100°Ct'Dn^L, TMG15 
seem, 11A5sccm, K-'O h t LT(EtCp) 2 Mg 5sccm&tfNH3l0slm&'j&fi&LTp 
MAl 0 . 2 Gao.8N^7 y K«659*^j£ Lfco ortCTMG15sccm f (EtCp) 2 Mg5sccm^. 
<^NH 3 10slm&$:f&U J¥$0.05,« mOpMGaNn > * * Mg660&^$; Ltz Q 
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• • • 

[0 0 7 5] 

#^«*»i«>ffi-C«WIL^:#ji**"r&o v-f^t'J7« 1X1012 C 
m-2mmx*$> *) , S6Kf««ti^ 2 x 1 0 13 c m-2>Umxtb o fc 0 
[0 0 7 6] 

CLO/fO^IJiiG al (cl) T** & Cl i Ztifz 0 
[0 0 7 7] 

o 

[0 0 7 8] 

r aftftigM k- tr > r $ tit:m=?'#Fmm*j&j& Lxi>x^ 0 l t -r ni g a n 

*3R651<aiag£800'Cfcfi&}#U TMGlOsccm, TMI30sccm, 6 2 (Blffc) 20sccmS.y f 
NH 3 10slm<Hfc$£LT2. 5 nmOnMlno. 02^. 98^751 &^j£-f-£ 0 -&K0 2 
(Mm) 0«if&0**f?lLU ^<7)il$(.^i00#^#^L^tt, 7. 5 nmOT> 
K-yino.02Gao.98N®^ffMi-^>o £ £ KTMIOttl&MSrSOsccmKif g U 3n 
mOT> K-nno.2Gao.8N«753«r^J*i"* 0 ClOXg«:3M»3j|ft 0 M U 
}±T> K-7 9 In 0 .02Gao.98NST'||-Ti-^o JJJLtOI5gK «fc 0 HI 1 0 0#S* : F• 
[0 0 7 9] 
> 

01 3t±^t:«*III-V^ffc^*#:^-Hf^«E«&Bfmia-C*-&o El 
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mcOnMGaN^601±HV— r^ii^MS *ITV>£ 0 dOnMGaN*^601^> fT 
ilSLTtF I E L O&tcj: OfE^ Ltzi><DX'i> »5 „ 'J >t^M*ffl^TH4$t 

j. * > e ? h £«05e Lfc t c ^> , mmifcfo&mib* 1 o s^/ c m 2* . 

[0 0 8 0] 

£TnMGaN*^601_htc N f$1.5/<mOni GaMf602, ffSl^ mOnMAlo. 07 
Gao.93N*^ K*603* J¥$0. 1^ mOnMGaN**'^ KJS604, J¥S3 n mOIno. 2 
Ga 0 . 8NiT-#F/l i: W $ 10 n m OIn 0 . o2Gao. gsNI^M® h & & O^BIT- 
#P$|j£?§teJl605, i?$20nm<OpMAlo.2Gao.8N^^yy*606, J?£0.1,*m 
OpMGaN5fc#M K*607, pSGaNfttf-f K*607±KJ&j£$ ^ftOit^ m<7) 
X h 7 <f r*HP«613«:#o3tl¥$0.2^ mOtftlt^^ ^608, BMt&#v 
X ^608±tcS^Wtw^$*L^$0.5// mCOpMAl 0 .07Gao.93N^ 9 y KJf 609 
, J¥^0.05^mOpMGaNn>^^ h@610, Ni / Au02«&JRj&><b $r&p«ffi611 
. Ti / Al<7)2g^nll^6127& ? fM^nTV^ 0 HI 3 K^T, nMGaN^60 
1<7)»® Kn««32 4r3&£ Ltv»4 0 
[0 0 8 1] 

H 3 III^7C^#^t LTTMG> TMA, TMI. (EtCp) 2 Mg, S i H 4 £fl§v\ 
#«&*fcov*Tli*jftWLO->'; v^-fijKfc-lOT^ 20°C> 30*C£LT, JE 
#76OTorrV>N 2 -C/try - £ «fc Ij % |*gfcftj»L 

£o if, ^HfrttcCMSr^Mti-*na[GaN3ME601*SailLx 7X*#ffl^TT- 
1100*CtCML, ov>-eTMG15sccm, K-aC> h LT?>S i H 4 5sccmS.?>*N H 

3lOslm^«^tr^±^$1.5^m<OnMGaNg602^^L/io $ ^ * 
fchKTMG15sccm, TMA5sccm, S i H 4 5sccmS.O*N H 3 10slm£tt#& U £ 1 ^ 
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m<^nM Alo.07Gao.93 N ^ 9 v KJf603£> o^-eTMG15sccm, S i H 4 SsccaAtt* 
NH 3 10slm£$:#&U J¥$0.1^mc7)nMGaN7fc^M KJI604&3FM L£ 0 oi'i; 
, NIG aN^£601O?ijg£800 , C&C'(£#U TMGlOsccm, TMI50sccm& L < (£30 
sccm&OnST H 3 10slm*£&|& 3 nmOIno. 2Gao. 8N*^#F« 

$IJ¥l0 n m <D In 0 . 02Gao. #ttti 03H^ ^MT#Ff ffl^r&ttJl 605 

[0 0 8 2] 

Z\ZX\ &>MX¥#Fm&ffi&m605<Z> J l&mZ'Z>\,*XBl 1 4 ^ffl»/^T#L < m 
W-f&o NMGaNS^60lc7)^jg^800 < C(3^L, TMGlOsccm, TMI30sccm, S 
i H 4 SsccaK^N H 3 10slm*^|& LX 2 . 5 n m<DnMlno. 02Gao. 98N5701* 
Mfc-tZo MZS i H4^#^*S:#jhLx ftoM*m00#lf$#£ 7 
. 5 nm<7)T> K--7 9 In 0 .02Gao.98NS702?:fMi-^>o $ HTMI *50sc 
cmKi«U 3nm^)T> K-yino.2Gao.8N»703*^-t-* 0 
HO&U ^f±T> K-^Ino.02Gao.98Nl702t?^T-r^>o JsUtOflHSTOJfc 

[0 0 8 3] 

BUSKfc^tK or4i4^p^^tt^605_htcTMG15sccm, Beseem, K 
-'O h fc LT(EtCp) 2 Mg 5sccmS^NH 3 10slm£#*&U ¥$20 n mOpMAlQ 
.2Gao.8N*-V? "7^1606 £^/&L£ 0 ov^NlG a N^S601(7)Sjg^ll00 t Ctc 
U *^_hlCTMG15sccm, K w? y Y £ L T (EtCp) 2 Mg 5sccm^C^N H 3 lOsl 
m£#*&LTJ¥$0.1^mOpMGaNft:*f-f KJf607«r^Lfc o orKlfcffc&Sf? 
XfWSZI&J&LtZo t fNlG aNafME601«rSfi*-C?fr^IL/iO^jft*»«:*» 

* M V ? 7 ISS J. y ^ > Hi o T«2. 0 ai m WW P«613 *3^JS L 
/Co *©|gL SO f NMGaN^601^^S^fii-fSgLT1100 0 CHSn^t. TMG 
15sccm, TMA5sccm, K-/T> h L T (EtCp) 2Mg Ssccm&CfNH 3 10slm££fc|&L 
Tp8LAlO.2Gao.8N* 9 ? K«609*3gJ*Lfe o o ^ KTMG15sccm, (EtCp) 2 Mg5sccm 
RraH3l0slm£#:!SU ff 30.05 /imtf>p!BGaNn * h«610&^J&Lfco 
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NMGaN2MR601O*ffiKTi / A102JB^JR^t>*&n«S612«rK^3»^J: 
[0 0 8 4] 

^t>*L7t^#frl/— ifofgtteti, HI 4*>.fc"?K:, »MTVK-"7*irt/ 
[0 0 8 5] 

MEM 7 > K~- (Ino. 02Gao. 98Nf 702) : «J? 7 . 5 n m, S i ftft 1 X 

1 0 1 7 cm -3|| 

#pm (7> K-yino.2Gao.8N»703) :l|3nm, S i s^jg 1 X 1 0 1 7 c 

SiinlfiS (nMIno.02Gao.98N® 701) :«*2. 5nm, S i jgjg 
M) 4 X 1 0 1 8 cm" 3 
S i^SfiS IMSici ^MSeb^o 
[0 0 8 6] 

^<7)^<7)^M(iG aS (cl) -e&£d fc*«(tB$*L^: 0 
[0 0 8 7] 

- ^> f&ftSlJ&ti 1 2 a. u. „ S&:5fe?§5fr l± 1 . 0 n s -e* o 7t 0 
[0 0 8 8] 

#«-e»±. nMM* K-:/LfcMtM*J*£LfcflU nM^«J!I#i-£#.it 
[0 0 8 9] 



tBfiE#2 003-3059680 



mm 2002-351834 ^-vl .27/ 




[0 0 9 0] 
[0 0 9 1] 
[0 0 9 2] 

##Mi> mi 3 ^l^^w^c^^t, fSttiios i y-\£yy*7 

077^;v!:115 (a), (c)*5J:0 f (e) O =t n \Z LtzU&Z^ti^tift 
[0 0 9 3] 

^#afi, Ell 5 (a) ^) n I W F- t^^Vn 7 7 J^fl L/: ^ 
T?&*K 1 0 nm, ^RM3 nmt LT^& 0 

M#b(i, IH1 5 (c) <7)nlW K-lf>^D7 7 -f ^t^fflUtO 
"C&lK iiilOnm, #Pi3nma, Hi T > K- "7°^^ 5 n nu 
I^MS n2MJ*4r 5 nmt Ltv»4„ 

l^cli, mi 5 (e) <Dnm7f®mY- 1 £><?7V7T'( )V*UmVtzi><D 
KSV 1 0 nm. #;pJf 3 nmt U *«»T> K--/««* 5 n m, 
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mA- a , b & «fc Zf c tc^T. ftgJS T y K- y^J*t?t± S i itJg 1 X 1 0 1 
7 c m~ 3 sfeSt 'itiinl^-ett S i ztJ^ (¥#7H) ^4X10l8 cm - 

[0 0 9 4] 

<##W3 > 

##$11, HIl 3tC^t7t#2f#:ix— iflcisv^T, ®M«nM^it (nMIn 0 .o 
2 Gao. 98N®701) OS i (spJ^-fit) £lX10l9 C m-3£ LfcSWfcffc 

[0 0 9 5] 
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[0 0 9 6] 

<I»J4> 
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0 (HI 2K;j3V>T\ C®£OTfc-r&JI£330/zm<W7T'f T^&lOOlJiK, J? 
$100nm<7)^GaN^--y7T-gl002, J?^4//m<?)nS GaN^*^ M11003, 
J? $ 3 n m <7)0 K- */Ino. 45Gao. 55^ h & & li^pi! 1004. J? $ 100 n m OpMA 
10.2Gao.8 N ^^^-?>^^ y ^1005, lp£0. 5// mOpMGaNn > * ^ hJfl006, N 

1 / Au<£>2*#M/^<b&&pm®1007, Ti / AlO2®^nm^l0087& s ffM^ fix 

iy^^^tc i 19 nM GaNrr^^^ h/f 1003£^m -f-<7)±M^nm^ 
1008$rfMtTV^ o 
[0 0 9 7] 

[HI 2 OliIOMlt(:oviTi^tl.o ##-^#@o?FM^(i^r 
^T^itTlOOTorrh L*r 0 t tzVmjtmmSMt LXT >*-7 (J^TNH 3 ) 

iii^7c*#I^^ LT h »; t^f-frifv ^A(mTTMG). h'j^f;v7;K- 

A (J^TTMA), h >j **f-)\<<t ^v^ACmTTMI), tfXxf ;Vy^n^>^yx 
x^U ^*~>* A (£TF (EtCp) 2 Mgh H 2 ^10 ppmOv^V (J^lTS i H 4 h N 2 
#|R20%<7)^S?(0 2 )£fflv^ ^^^ov^Tti^-tL^tLOvU >r-}SJt£- 
10t, 2 0°C, 3 Ot:, 30tt LT, EE#760Torr<7)N 2 Tv^;7' V >?ir2>c\ 

■t&^y r^r rMaooiSrissu 7Jc^#h^;ttiioo , ci'^l. mmmmv 

m&%ft^?Zo >k^UUm*500Vt U TMG5sccmStKNH3l0slm^'ft^tT 
t77^f T^1001_b(ci00 n m^fg^GaN^ y 7 r -if 1002£?fM L£ 0 ^ICTM 
GO^tSrfitU *«zSJg&1100X; t Lfz 0 ov>-eTMG15sccm, K-'O h t L 
X<DS i H 4 5sccm^D f NH 3 10sl I n^^L-r^±H]¥$4 yW mCOnMGaNr7>^ 
* he'l003^fML7^ o o§r^ •9-7t^T^1001^^*800 < C^^#L, T 
MGlOsccm, TMI50sccm^> L < (±30sccm, 0 2 20sccm^O ? NH 3 10slm^^LT^ 
Ji^IiJl3 n m(7>Ino. 2 Ga 0 . 8N»^#P©1004*^ L£ 0 
[0 0 9 8] 
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i <D X i Kl&jfr L tzm&Wpm 1004± JCTMG15sccm, TMA5sccm, T^mMO t L T ( 
EtCp)2Mg 5sccm^.O f NH3l0slm^#t^t> /^MOOnm^pMAlo^Gao.sN^ ? 
•/«100 5 *^j£L7fc o ^^MR1001<a^£ll00tH;:«#L, t7 7 ^7S 
«_tHTOG15sccm, (EtCp) 2 Mg5sccm^y f N H 3 10slm^^ L, J?£0. 5/* m^pM 
GaNa^** hgl006*^j£L-fco &&1001 J: OflKD tti L, N 

i / Au^2e^«^t>3Sr*p«®l007«rJ^^3iSpjc «t «9 5£j£Lfc 0 4*:, J^y^> 
V\Z& t)nW. GaN n y ? ? MSl003£»ffi -eoJiMtm / A1*>2J1&JR3&> 

[0 0 9 9] 

[HI] 
[02] 

*jfe« 1 £ It £ * - frWfcmW: *^t^7t^5o 
[0 3] 

[04] 

ttO^r-v; TatJg^14S:fFiiffiLfc«:^i-0T-*^o 
[05] 

0 l ^#jt*^rl-*4 £ #'»^— 1ft:ov»T, PL (7* # 
t£o * * i; TMftBt#tt«rfHi L ^ffit* & 0 
[0 6] 
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[H7] 

0 

[128] 
[E19] 

ei 8 k & it h ^mm^Rmmmmm oM^^tiT^ .?> 0 

[HI 0] 

[mil] 
[mi 2] 

[mi 3] 

^m-vmm l fcm- viifi:ii###i/-f«iiiiiT^ & 0 
[mi 4] 

##$1 xmw l fcin - v w - •romm&ifMm t? $> %> 0 

[mi si 

40 1 t77^f7it 

4 0 2 fg^G 7 7 -6 

4 0 3 nMGaN3>*^ 

4 0 4 nMAlo. 07Gao. 93^ 7 y KS 

4 0 5 nfflGaNft:^ Kg 
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4 0 6 ^mm^pm^mnm 

4 0 7 pMAIq. 2Gao. *r v 7'M 

4 0 8 pMGaNft K* 

4 0 9 pMAIq. 07 Ga 0. 93 N ^ 9 >;/ 

4 1 0 pMGaNa^** h€ 

4 11 p WML 

4 12 nil 

4 13 'Jy ^flfcfi 

4 1 4 Si02R 

4 2 0 #m*^#p«3lf3-ttJ! 

5 5 0 nMln 0 .02Gao.98NI^M€ 

5 5 3 T > K - 7lno. 2Gao. 8N#P S 

6 0 1 nMGattfc 
6 0 2 nMGaNJS 

6 0 3 nMAlo.07Gao. 93^ 9 >y KJB 

6 0 4 nMGaJ6fc#M KS 

6 0 5 ^m*^-#P«>t^'l4il 

6 0 6 pMAIq. 2Gao. s®* * v ~fM 

6 0 7 pMGaNfttf >f KJf 

6 0 8 W.tt£m~*X9 

6 0 9 pMAlo.07Gao.93N^ 9 v KS 

6 10 pMGaNn >^ * 

6 11 plSH 

6 12 nil 

6 1 3 

6 1 4 B*ffc&*»l 

6 5 1 nMGaN&K 

6 5 2 nMGaNJg 

6 5 3 nMAlo. 07Gao. 93N^ 9 v KJ1 
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6 5 4 nMGaNTfe^W KS 

6 5 5 #MT-#P«3t?&1£JI 

6 5 6 pMAIq. 2Gao. sN^r ^ <y -7°® 

6 5 7 pMGaN^M KJf 

6 5 8 mffc^TX^ 

6 5 9 pMAlo.07Gao.93N? 7 -y KJf 

6 6 0 pMGaNr? >? ? 1>/1 

6 6 1 p 

6 6 2 n «M 

6 6 3 nasi? 

6 6 4 

7 0 1 nMlno. 02Gao. 98 N S 

7 0 2 T > K - -7 0 Ino. 0 2Ga 0 . 98^1 

7 0 3 T > K - ^Ino. 2Gao. 8NS 

7 5 0 nMlno.02Gao.98NS 

7 5 1 nMlno. 02Gao. 98 N * 

7 5 2 T> K- -7ln 0 . 0 2Ga 0 . 98^1 

7 5 3 T> K--7lno.2Gao.8NS 

1300 y-yrjTmm 

130 1 T^K-T^aNS 

1302 mmm 

1 3 0 3 #p if 

1304 
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[i2] 



( a ) 14 



£ 



13 



10 



Zn 10 12 ^ 



— i — i — i — i — i — r 
Si-doping 



O-doping 





J L 



J L 



I ID 11 

'A 10- 10 10- 9 10' 8 10- 7 10" 6 10" 5 10- 4 10" 3 10" 2 10" 1 



^fXSSm (mol / min) 



( b ) 300 
'c/T 

■ 

> 200 



CNJ 

E 

ilmi> 
TTQm 

m 



100 



0 



~i — i ■ i 1 * "i — ■ — < 1 1 m " i — ' — < 1 1 1 1 ii 




Si-doping 



O-doping 



-J — i i I t i nl i i ' 1 1 1 1 1 1 i t i I 1 1 ■ ■ 



10 11 10 12 10 13 10 14 

v-h^'J7^l (cm-2) 
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[0 3] 
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[EI 4] 
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